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Abstract (word count: 134) 
Objectives: Occupational UV exposure was evaluated in a population-based sample in 
France. 
Methods: A random survey was conducted in 2012 in individuals aged 25 to 69 years. 
Median daily standard erythemal UV dose (SED) was estimated from exposure time, 
place and matched to satellite UV records. 
Results: 889 individuals were exposed to solar UV with highest doses observed among: 
gardeners (1.19 SED), construction workers (1.13 SED), agricultural workers (0.95 
SED), and culture/art/social sciences workers (0.92 SED). Information and 
communication technology, industry and transport workers were highly exposed (above 
0.70 SED). Significant factors associated with high occupational UV exposure were 
gender (p<0.0001), phototype (p=0.0003) and taking lunch outdoors (p<0.0001). 
Conclusion:  This study identified expected occupations with high UV exposure but also 
unexpected occupations with high exposures. This could serve as a basis for future 
prevention. 
 
 
Introduction 
The International Agency for Research on Cancer (IARC) has classified ultraviolet (UV) 
radiation as group #1 carcinogen in 2009 because of its role in the development of skin 
cancer.[1] UV radiation has also an important established role in the occurrence of eye 
diseases (cataract, ocular melanoma, etc.), skin ageing, immunosuppression and vitamin 
D synthesis. 
The population among which UV exposure can be expected to be the highest is outdoor 
workers as this group is already at particularly increased risk of basal cell carcinoma [2] 
and squamous cell carcinoma.[3]  
The European Agency for Safety and Health at Work reported that 14.5 million workers 
in the European Union are exposed to solar UV at least 75% of their working time. [4] 
This estimation, based on 15 countries, established from expert opinion and extrapolated 
from prevalence data in Finland, is very likely underestimating the number of outdoor 
workers in the whole of Europe. 
0DQXVFULSW$OO0DQXVFULSW7H[W3DJHVLQFOXGLQJ5HIHUHQFHVDQG)LJXUH/HJHQGV12$87+25,1)2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Most studies on occupational UV exposure focussed on specific jobs. These studies 
included on site evaluation with dosimeters and have already provided good 
evaluation of UV exposure in these populations such as in farmers [5-6], construction 
workers [7-8] or vineyard workers.[9] However, they did not provide an overall 
picture of jobs exposed to UV. 
We identified one study carried out according to the CAREX methodology which is 
EDVHG RQ H[SHUW¶V DVVHVVPHQW RI H[SRVXUH[10] While this methodology is perfectly 
adapted to known carcinogens for which exposures are industry-dependent and 
uncommon, it might not be adequate for UV radiation. 
A survey was conducted in France to assess, in the general population, occupational 
exposure to solar UV radiation. The objective of this study was to produce an overview 
of outdoor occupations and sectors from the perspective of employees, and to quantify 
UV exposure for identified categories of jobs. 
 
Methods 
A population-based survey was performed in France in May-June 2012 on a sample of 
workers aged 25 to 69 years and exposed to UV radiation at work, both artificial UV and 
solar radiation. Individuals were selected by random digit dialling and were interviewed 
by trained personnel through computer-assisted telephonic interviews (CATI). The 
survey was conducted by the company ENOV Research.  
A quota by major French regions was applied to obtain a representative sample of the 
distribution of population in mainland France, including Corsica. Individuals were 
considered as exposed to UV radiation if they reported cumulating one year of 
occupational UV exposure during the past five years and for more than one day per week 
for solar radiation. This enabled to remove potential student part-time jobs and to keep 
individuals with seasonal activity. 
For each individual, the current place of residence was registered using city name, 
department and post code. These places were geo-localised based on post codes from the 
French National Institute of Statistics and Economic Studies.[11] For 174 cities for which 
the automatic matching was not possible due to incomplete post codes, longitude and 
latitude data were extracted manually based on city name and department.[12] These 
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longitude and latitude data were matched to the nearest point in the EuroSun 
database.[13] Average daily UV radiation data for the 2003-2007 period were extracted 
from this database. 
The average distance between longitude/latitude and EuroSun coordinates was 2.9 
kilometres. UV data in EuroSun were only available for UVA and UVB. To express these 
values as erythemal UV in kJ/m2 or standard erythemal dose (SED), erythemal UV (UVe) 
data were extracted from Tropospheric Emission Monitoring Internet Service for six sites 
in France (Briançon, Bordeaux, Haute Provence, Lyon, Paris, and Villeneuve d¶Ascq) 
from 01/01/2003 to 31/12/2007.[14] These UVe data were compared to UVB from 
EuroSun. The average difference in coordinates between matched nearest point in 
EuroSun database and in TEMIS dataset was 2.8 kilometres and did not exceed 4.7 
kilometres. In a linear model, a ratio UVe/UVB was computed as a function of latitude 
which was applied to all UVB data from EuroSun. 
The interview recorded information on occupational exposure during the past five years 
with description of sector, job description as well as time of the day when job started and 
ended and total daily exposure duration. These data were available by season if the job 
involved seasonal changes in outdoor exposure or for the entire year. From the declared 
starting hour and ending hour of activity, the area under the curve of the hourly UV 
radiation in clear sky condition was computed from a reference curve. This reference of 
UV radiation throughout the day was extracted from HelioClim3 database. Data were 
extracted for clear sky for year 2005 at latitude 45 degrees North and longitude 2 degrees 
East for five days per season that were averaged.[15]  
This computation resulted in the proportion of UV radiation corresponding to the 
declared hours, to which was multiplied the proportion of time outdoor that individuals 
declared per day. The result of this computation was the proportion of the daily UV 
radiation per individual that was further applied to the daily average UV radiation 
extracted from Eurosun data. This UV radiation corresponds therefore to the average 
ambient UV radiation that workers could have experienced. 
Each occupation reported during the last five years was recorded as open-ended questions 
on activity and sector. Answers to these questions were used to classify individuals by 
sector of activities based on the International Standard Industrial Classification of All 
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Economic Activities (ISIC), 4th revision.[16] Jobs were also classified according to the 
2008 revision of the International Standard Classification of Occupations (ISCO-08).[17] 
Two authors conducted independently classification of sector and jobs, and 
disagreements were reviewed with a third author. Jobs were further grouped according to 
main categories of jobs and type of activities (for example grouping armed force workers 
and protective services workers), all groupings are detailed in appendix 1. 
To compare UV radiation between categories of outdoor workers (gender, age groups, 
phototype, frequency of lunch outdoor), the Kruskal-Wallis test was used. Analyses were 
conducted using SAS statistical software version 9.2 (SAS Institute Inc). Two-sided p-
values of less than 5% were considered statistically significant. 
 
Results 
A total of 998 workers exposed to UV radiation were interviewed. Ninety-two 
individuals only exposed to artificial UV and 17 individuals with no reported duration of 
exposure were excluded. Finally, 889 individuals reporting exposure to solar UV 
radiation and for which an average daily UV radiation exposure could be estimated were 
included in the present study. Out of 889 outdoor workers, the majority (63%) were men. 
In addition, men accumulated an average higher exposure to UV radiation than women 
(Table 1). This male excess was job-dependent with higher proportion of men observed 
for construction workers (93%) and no men among child care workers. The median age 
of the population of outdoor workers was 41 years (interquartile range 33 to 50), with no 
major difference for all jobs except farmers who were notably older (median age 52, 
interquartile range 41.5 to 57). Exposure to UV radiation did not differ by age. 
In our study pRSXODWLRQPRVWLQGLYLGXDOVKDGDQHGXFDWLRQDOOHYHORI³%DFFDODXUHDW´$-
Level) or below (58%). They were also often of less sensitive phototype: skin type III or 
IV represented 71% of the workers. Phototype IV subjects were the most exposed to UV 
radiation. 
A minority of participants (34% often or always) had to take lunch outdoors because of 
their occupation. These workers were more exposed to UV radiation than others. 
The five more frequent job categories with outdoor sun exposure were gardeners, 
landscapers, construction workers, agricultural workers, culture, art, social workers, 
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industry workers DQG D JURXS ODEHOOHG ³RWKHUV´ ZKLFK included various unqualified 
works as leaflet distributors, dustmen, lunchtime supervisors, etc (Table 2). Farmers, 
landscapers/gardeners and construction workers were exposed to important daily UV 
radiation. Even if they represented a minority, culture, art and social science workers 
were also exposed to significant UV radiations with a median of 0.92 kJ/m2 per day. 
The groups RI³RIILFHDGPLQLVWUDWLYHHPSOR\HHV´DQG³PDQDJHUVDQGVHQLRUH[HFXWLYHs´
were classified as such based on the job description (for example director), but their 
activity sector generally belonged to activities described for other jobs. For example, 
³RIILFH DGPLQLVWUDWLYH HPSOR\HHV´ FRXOG EH WHFKQLFDO DVVLVWDQWV ZRUNLQJ IRU D WUDLQ
FRPSDQ\ RU ³PDQDJHUV DQG VHQLRU H[HFXWLYHs´ D GLUHFWRU RI D FRPSDQ\ RI UHDO HVWDWH
agents. Median UVe exposures by main codes of ISCO classification of jobs and of ISIC 
classification of sectors were also presented in appendices 2 and 3, respectively. 
The maximum of daily average across all seasons of UV exposure was computed for each 
individual (Table 3). The ranking of jobs substantially changed; some seasonal 
occupations haG H[WUHPH H[SRVXUHV LQ VXPPHU IRU H[DPSOH ³FXOWXUH DUW DQG VRFLDO
ZRUNHUV´ 
 
Discussion  
The present study enabled the identification of jobs associated with important average 
daily UV exposure in France. The most exposed jobs were landscapers/gardeners, 
construction workers, farmers, and culture, art and social science workers.  
Because of the definition of occupational exposure, which required at least one year 
during the past 5 years, and because the place of residence was used as a proxy to 
place of work, our study did not cover younger age groups. Based on a different 
design, further studies would be helpful to assess the exposure in outdoor workers 
less than 25 years of age. 
A potential limitation to this study is the reconstruction of UV exposure which is based 
on declaration of the schedule in the past years of employment, and an approximation 
based on satellite data and modelling. Under-estimation of exposure is likely to append 
for some occupations due to local condition at a worksite. For example, construction 
workers could sometimes be exposed to a greater amount of UV because of reflexion 
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of concrete and glass which would increase UV exposure. Hence, these estimations are 
not to be considered as a standard, and onsite studies with personal dosimeters should 
remain the gold standard for evaluating individual exposure to UV. Of note, our 
estimations are in the order of magnitude that could be expected for France when 
compared to previous work using personal dosimeters in Europe.[7,18-19] These 
estimations are naturally much lower than those measured in Australian population.[20-
21]  
The main advantage of our method is that it requires data on time, duration and place of 
exposure and UV data. UV data can be easily extracted from satellite data. Doses can be 
computed quickly for a large number of workers exposed in various areas. By 
comparison, on-site measurements require considerable time and logistics. The limitation 
of this method is the lack of validation so far. A validation study with on-site 
measurements and personal dosimeters in a sample of selected workers is required. 
Our estimation provides a very good indication of ranking of occupations by exposure to 
solar radiation. Such ranking is unlikely to be biased by uncertainties on the 
measurements of UV radiation. 
Like exposure to any carcinogen such as ionising radiations, occupational exposure to 
UV will likely require an active individual surveillance. This surveillance would enable 
the recording of quantitative assessment of exposure with information on the number of 
workers, preventive measures, type of protection, nature and degree of exposure.[22]  
Several photoprotection methods already exist to decrease UV exposure.[23] Attention 
should be given to protection other than sunscreens [24] which have proven to be 
inappropriate for occupational activities because of major drawbacks such as high price, 
insufficient water resistance and sticky appearance.[25] 
The International Commission on Non-Ionizing Radiation Protection (ICNIRP) published 
documentation on potential methods for UV protection. These guidelines have been 
entirely adopted by WHO. Even though these guidelines do not help defining the level of 
exposure of workers, they provide a series of methods that could be adopted by workers 
for photoprotection. [26] 
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Further studies are ongoing to identify the best protection methods for each outdoor 
activity based on simulation of distribution of UV on anatomical site according to body 
posture.[27-28] 
There is no specific legal constraint in France defining occupational exposure limits 
WRVRODU89UDGLDWLRQWRZKLFKZHFRXOGFRPSDUHRXUUHVXOWV+RZHYHU,&1,53¶V
recommends a maximum of about 1.0 to 1.3 SED [26] which would be regularly and 
largely exceeded in several workers in the present study. 
Our study helps to better characterize outdoors workers and jobs exposed to highest 
levels of UV radiation. Photoprotection methods do exist to strongly diminish damages 
from UV radiation. We encourage employers of outdoor workers, in particular in fields 
identified in this study, to take actions to reduce exposure of their employees to fulfil 
their legal obligation of safety at work. 
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Table 1. Description of the population of outdoor workers in France in 2012 and 
average daily erythemal UV dose in kJ/m2. 
  N Minimum 
Lower 
Quartile Median 
Upper 
Quartile Maximum p-value* 
Age 
      
0.3378 
25-29 117 0.02 0.45 0.78 1.17 1.77
 30-34 155 0.04 0.31 0.69 1.07 1.85 
 35-39 118 0.04 0.41 0.74 1.14 1.64 
 40-44 136 0.05 0.44 0.78 1.16 1.79 
 45-49 125 0.00 0.42 0.72 1.14 1.81 
 50-54 101 0.10 0.56 0.85 1.10 1.60 
 55-59 67 0.03 0.41 0.75 1.06 1.56 
 60-64 55 0.02 0.55 0.84 1.09 1.77 
 65-69 15 0.41 0.66 1.09 1.25 1.8 
 
        
Sex 
      
<0.0001
Men 559 0.02 0.48 0.88 1.17 1.85
 Women 330 0.00 0.31 0.62 1.00 1.77 
 
        
Phototype 
      
0.0003
I 59 0.13 0.30 0.70 1.05 1.72
 II 195 0.00 0.32 0.63 1.04 1.85 
 III 297 0.02 0.42 0.77 1.09 1.81 
 IV 338 0.02 0.50 0.89 1.19 1.79 
 
        
Lunch outdoor 
     
<0.0001
Never 240 0.00 0.40 0.75 1.07 1.77
 Sometimes 343 0.02 0.32 0.64 1.06 1.85 
 Often 144 0.07 0.42 0.81 1.14 1.77 
 Always 162 0.12 0.69 1.04 1.27 1.81  
* Kruskal-Wallis test 
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Table 2. List of group of jobs of outdoor workers in France in 2012 ranked by 
median daily erythemal UV dose (in kJ/m2). 
  N Minimum 
Lower 
Quartile Median 
Upper 
Quartile Maximum 
Gardeners, landscapers 23 0.14 0.82 1.19 1.32 1.47 
Construction workers 126 0.02 0.79 1.13 1.28 1.77 
Others 14 0.21 0.50 1.04 1.28 1.63 
Agricultural workers 108 0.07 0.70 0.95 1.14 1.81 
Culture, art, social workers 16 0.11 0.65 0.92 1.21 1.85 
Industry workers 36 0.10 0.45 0.79 1.13 1.57 
Information and communication 
technology, telecommunication workers 
11 0.07 0.19 0.79 1.05 1.52 
Transport workers and mail carriers 97 0.10 0.56 0.77 1.06 1.72 
Office administrative employees 77 0.00 0.37 0.73 1.10 1.46 
Commercial sales workers and 
business service agents 
29 0.16 0.51 0.69 1.00 1.75 
Managers and senior executives 19 0.14 0.32 0.63 1.12 1.55 
Protective services workers and armed 
forces occupations 
60 0.11 0.41 0.62 0.97 1.57 
Engineers, researchers, life science 
professionals 
55 0.02 0.31 0.61 1.03 1.77 
Health professionals and associates 
and personal care workers 
35 0.05 0.28 0.60 1.01 1.54 
Leisure and sport workers 20 0.04 0.24 0.59 1.16 1.79 
Craft and related trades workers, 
Shopkeepers 
42 0.06 0.36 0.54 0.91 1.60 
Cleaners and personal service workers 42 0.03 0.23 0.49 1.01 1.67 
Restaurant workers (restaurant 
managers, waiters, fast food preparers) 10 0.28 0.28 0.46 0.62 0.71 
Teaching professionals 51 0.04 0.14 0.35 0.68 1.56 
Child care workers 18 0.13 0.26 0.33 0.50 1.47 
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Table 3. List of group of jobs of outdoor workers in France in 2012 ranked by the 
maximum seasonal* average of daily erythemal UV dose (in kJ/m2). 
  N Minimum 
Lower 
Quartile Median 
Upper 
Quartile Maximum 
Gardeners, landscapers 23 0.24 1.27 1.84 2.13 2.33 
Construction workers 126 0.06 1.32 1.76 1.95 2.67 
Culture, art, social workers 16 0.22 1.22 1.75 2.01 3.08 
Others 14 0.30 0.71 1.65 1.89 3.03 
Agricultural workers 108 0.12 1.28 1.56 1.98 3.15 
Industry workers 36 0.16 0.69 1.28 1.81 2.45 
Information and communication 
technology, telecommunication workers 11 0.12 0.32 1.26 1.93 2.42 
Transport workers and mail carriers 97 0.16 0.93 1.19 1.65 2.74 
Office administrative employees 77 0.01 0.66 1.18 1.72 2.33 
Health professionals and associates 
and personal care workers 35 0.14 0.52 1.15 1.66 2.79 
Leisure and sport workers 20 0.12 0.58 1.11 1.90 2.80 
Commercial sales workers and 
business service agents 29 0.51 0.76 1.08 1.59 2.70 
Protective services workers and armed 
forces occupations 60 0.18 0.69 1.03 1.59 2.55 
Managers and senior executives 19 0.22 0.59 1.01 2.04 2.32 
Engineers, researchers, life science 
professionals 55 0.06 0.57 1.01 1.64 2.65 
Craft and related trades workers, 
Shopkeepers 42 0.09 0.61 0.94 1.57 2.49 
Cleaners and personal service workers 42 0.05 0.40 0.84 1.77 2.50 
Restaurant workers (restaurant 
managers, waiters, fast food preparers) 10 0.44 0.54 0.67 1.08 1.62 
Child care workers 18 0.27 0.46 0.65 1.05 2.21 
Teaching professionals 51 0.06 0.25 0.58 1.10 2.24 
* the maximum average was reached in summer for most workers, but for 6 individuals the maximum UV 
was found in Autumn and for 64 in Spring. 
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Statement on clinical significance of the present study 
 
This study provides a ranking of the most UV exposed occupations using standard classification for 
occupations and sectors (ISCO-08, ISIC4th). It confirms several occupations which were properly 
identified for their high exposure from empirical observations. This study presents some forgotten 
occupations which would require equal attention in future prevention. 
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